[1] Rb/Sr, 40 Ar/ 39 Ar, and Sm/Nd isotopic data are reported in Caledonian eclogites from the Lindås Nappe, Bergen Arcs, Norway, in order to investigate processes controlling isotopic equilibrium at mineral scale in polymetamorphic rocks. The Bergen Arcs exposes Sveconorwegian $950-930 Ma granulites, partially overprinted by Caledonian eclogite-facies metamorphism at $425 Ma and amphibolite-facies metamorphism at $410 Ma. Geochemical and Rb-Sr data from more than 10 phengite fractions separated from one sample reflect the composition of the microdomain (a few hundred microns in size) in which phengite crystallized. Phengite crystallized after garnet or plagioclase by dissolution-precipitation processes yield apparent age between 700 and 600 Ma. At the time of their crystallization, these phengites inherited the isotopic composition of their precursor minerals, at a microdomain scale. Phengite from quartz veins, which crystallized from elements mobilized by the circulating fluid, yield an age closer to the eclogite-facies metamorphic age. The closed system evolution of the eclogitizing fluid, the segregation of textural and reactional microdomains, the high Sr content of the studied phengite, and the short duration of the recrystallization processes (<1Ma) are interpreted as the main factors responsible for the lack of a Rb/Sr isotopic equilibrium, at the scale of hand samples. Such equilibrium is nevertheless reached in quartz veins where the crystallization of minerals implies that the fluid circulation acted as a factor of isotopic homogenization. The in situ single mineral Ar/Ar datings revealed that both eclogite-and amphibolitefacies minerals are characterized by an excess of radiogenic argon (ages between 425 and 520 Ma). The excess of argon has been inherited from the previous granulite and has been only partially evacuated from the system by the circulating fluid. The apparent Sm/Nd ages from garnets inherited from the granulitefacies metamorphism (c. 930 Ma) are in agreement with previous estimates. This result confirms that the diffusion of Nd in garnet does not occur at temperatures lower than 700°C. This study highlights the complexity of radiochronometer behavior during HP metamorphism and demonstrates that coupling different radiochronometers, such as Ar/Ar and Rb/Sr, does not always guarantee the validity of the geochronological results.
Introduction
[2] Determination of reliable pressure-temperaturetime (P, T, t) paths for metamorphic events and derivation of credible tectonic models rely on correct understanding of the behavior of radiochronometers used to date metamorphism. One critical point is to determine how and when isotopic equilibrium is reached between metamorphic minerals. Two conditions have to be fulfilled to obtain reliable ages. First, the minerals under investigation, either inherited or neoformed, have to reach isotopic equilibrium at the time of closure of the isotopic system under consideration. Second, the subsequent variations of the isotopic composition should only be controlled by radioactive decay processes. Isotopic equilibrium depends on the efficiency of several parameters for the migration of isotopes, some of which are independent from the mineral s.s. (e.g., temperature, deformation, fluid, etc.) and others that are intrinsic to the mineral (e.g., chemical composition, lattice structure, etc.). In the case of inherited minerals (i.e., minerals which remain totally or partially stable in the new pressure-temperature conditions), the new isotopic equilibrium will be driven by volume diffusion, which is controlled, at the first order, by temperature. Volume diffusion, for a given mineral, is only effective above a limited temperature, called ''closure temperature'' [e.g., Dodson, 1973] .
[3] Numerous studies have reported isotopic data in minerals difficult to interpret in terms of the classical closure temperature concept [e.g., Verschure et al., 1980; Santos Zalduegui et al., 1995; De Jong, 2003; Maurel et al., 2003] . In the case of newly formed minerals, the partial or complete breakdown of precursor minerals, combined with the physical opening of the system, should be accompanied by a resetting of the isotopic system. This process should promote element redistribution between the different phases of the system and the release of previously accumulated radiogenic isotopes, thus allowing for an isotopic equilibrium to be reached. However, several studies have reported 40 Ar/ 39 Ar ages of neoformed minerals with no geological significance [e.g., Dallmeyer et al., 1991; Arnaud and Kelley, 1995; Boundy et al., 1997a; Di Vincenzo et al., 2006] . These erroneous apparent ages are generally related to the excess of radiogenic argon trapped in the analyzed minerals. This excess of argon can be explained by an inheritance phenomenon [e.g., Foland, 1979; Sherlock and Kelley, 2002] or by fluid circulation after the crystallization of the minerals [e.g., De Jong et al., 2001] . Similarly, Sm/Nd ages without geological significance [e.g., Cliff et al., 1998; Thöni, 2003] , or even future ages [e.g., Jagoutz, 1995; Miller and Thöni, 1997] , have also been reported for neoformed minerals. In most studies, this has been attributed to the occurrence of inherited microinclusions located in the crystalline lattice of the analyzed minerals [e.g., Zhou and Hensen, 1995; De Wolf et al., 1996; Scherer et al., 2000] . In other studies, it has been demonstrated that the isotopic disequilibrium was related to an inheritance from precursor minerals [e.g., Griffin and Brueckner, 1985; Mørk and Mearns, 1986; Jagoutz, 1995; Schmädicke et al., 1995] . In this case, the lack of active deformation and/or fluid circulation is often invoked to explain the incomplete reset of the system.
[4] Recrystallization, deformation, and fluid circulation are widely regarded as key processes to reach isotopic equilibrium during metamorphism. In this study, the influence of these processes is evaluated taking the example of the classical Bergen Arcs eclogites in western Norway [e.g., Austrheim, 1987] . In the Bergen Arcs, transformation of Grenvillian granulites into Caledonian eclogites is well exposed in the field and clearly associated with fluid circulation and deformation.
[5] A detailed Rb/Sr, Sm/Nd, and Ar/Ar isotopic study was performed in minerals from two eclogite-facies samples. This isotopic study is based on previously published data concerning an extensive petrological and geochemical work realized on the same mineral fractions [Schneider et al., 2007] . Selected samples contained both inherited and neoformed minerals. The study shows that (1) different populations of neoformed minerals yield intermediate ages between the two main metamorphic events (i.e., granulite-and eclogite-facies) and therefore, do not provide the true age of the HP event, (2) different populations of a single mineral species are not in isotopic equilibrium, (3) these different populations inherited their isotopic compositions from precursor minerals located in specific and distinct textural microdomains, (4) isotopic exchanges are limited to a few hundred microns.
Geological and Geochronological Background
[6] The analyzed eclogites were collected on the Holsnøy Island in the Lindås Nappe (Figure 1 ). The Lindås Nappe is part of the Bergen Arc system in western Norway and mainly consists of a Proterozoic anorthositic complex. The anorthosite suite ranges from pure anorthosite to anorthositic gabbro and is locally intruded by jotunite and mangerite dated at around 957-945 Ma [Austrheim, 1990; Bingen et al., 2001] . The Lindås Nappe underwent a first granulite-facies metamorphic overprint during the Sveconorwegian orogeny (0.8 -1.1 GPa, 780 -900°C) [Austrheim and Griffin, 1985; Kühn, 2002] and a second metamorphic/deformation event during the Caledonian orogeny. The Caledonian metamorphism, related to the subduction of the Baltica margin beneath the Laurentian plate, took place in the eclogite facies (1.8 to 2.1 GPa, $700-750°C) [Jamtveit et al., 1990; Raimbourg et al., 2007] and was followed by a retrogression in the amphibolite facies (1 to 1.2 GPa, 650-690°C) [Boundy et al., 1996; Kühn, 2002] . The eclogitization is mainly controlled by deformation and fluid circulation. Dry granulites remain metastable in the eclogite facies until brittle fracturing allows fluid percolation, leading to metamorphic reactions and ductile deformation [e.g., Austrheim, 1987; Boundy et al., 1992] . More than 70% of the granulites are preserved and the eclogites and/or amphibolites are only found in shear zones or as reaction front around fractures, with both acting as fluid pathways.
[7] U-Pb dating on zircons yielded an age of $930-925 Ma for the granulite-facies metamorphism [Bingen et al., 2001] . Burton et al. [1995] calculated a cooling rate of 4°C/Ma for the postgranulitization cooling in the Lindås Nappe. The phlogopite Rb/Sr ages, from granulitized lherzolites and websterites, range from 882 ± 9 to 835 ± 7 Ma [Kühn et al., 2000] . For the eclogite-facies metamorphism, the U/Pb, Sm/Nd, and Rb/Sr datings give consistent ages around $425 Ma [Bingen et al., 2001 [Bingen et al., , 2004 Kühn et al., 2002; Glodny et al., 2008] . The Ar/Ar ages of phengite from eclogites range from $429 to $548 Ma [Boundy et al., 1996 [Boundy et al., , 1997a [Boundy et al., , 1997b . The age dispersion is interpreted as a heterogeneous incorporation of 40 Ar excess transported by fluids during the crystallization of eclogite-facies minerals [Boundy et al., 1997a] . The age of the retrograde amphibolite-facies metamorphism is constrained between $408 Ma and $414 Ma by Rb/Sr ages on minerals from amphibolite shear zones and veins [e.g., Austrheim, 1990; Bingen et al., 2001; Glodny et al., 2008] .
Sample Description
[8] A detailed petrographic and geochemical (major and trace elements) description and discussion of the samples studied has been previously published in Schneider et al. [2007] and is only briefly summarized here and in Table 1 . Sample NOK10a was collected from the edge of a granulite boudin that is eclogitized at the rim. It has a modal composition that is dominated by garnet, epidote, and kyanite and is phengite-poor (i.e., a Ky-rich eclogite). Sample NOK10d was collected at the core of an eclogite shear zone. The modal composition of this eclogite is kyanite-free and the assemblage is dominated by garnet, omphacite, phengite, and epidote (Ph-rich eclogite). Both samples were mostly equilibrated in the eclogite facies and only partially retrogressed in the amphibolite facies (Caledonian metamorphism), but minerals inherited from the granulite facies Grenvillian metamorphism are still present (Table 1) . The main eclogite-facies reactions can be summarized as follow:
Reaction (1) is observed in both samples, reactions (2) and (3) are only observed in sample NOK10a, and reaction (4) was only seen in sample NOK10d.
The K amount contained in the crystallized phengite arises from exsolution microtextures of K-feldspar antiperthitic grains located in the crystalline lattice of the granulite-facies plagioclase [Austrheim, 1990] . The Fe-Mg component of phengite comes from the local breakdown of granulite-facies diopside in omphacite.
[9] Both samples are made of several distinct textural domains characterized by specific mineralogical reactions. Therefore, a given mineral species can be found in different reactional microdomains. In sample NOK10a, eclogite-facies phengite is found in three distinct textural domains: (1) the main foliation associated with epidote as a result of a plagioclase breakdown (reaction (1); Figure 2a ), (2) garnet pressure shadows as a result of garnet breakdown (reaction (2); Figure 2b ), and (3) quartz lenses directly precipitated from the circulating fluid ( Figure 2c ). In sample NOK10d, phengite primarily occurs in the main foliation ( Figure 2d ) as a result of plagioclase breakdown (reaction (1)). Extensive chemical analyses of the phengite populations revealed that the different groups of phengite have specific chemical features related to their peculiar crystallization process [Schneider et al., 2007] .
Analytical Techniques
[10] Several fractions (up to 13 for phengite) of a given mineral species have been separated on the basis of grain size, density, and magnetic suscep- Figure 1 . Geological map of the Bergen Arcs area with location of the sampling site (NOK10). Modified after Boundy et al. [1996] and Bingen et al. [2001] . tibility (Tables 2 and 3) . Previous trace elements analyses done on aliquots from the same fractions [Schneider et al., 2007] have revealed that these different phengite fractions are related to distinct mineralogical reactions represented in the samples by specific textural sites (microdomains).
Rb/Sr and Sm/Nd Analyses
[11] Separated minerals were first washed with acetone and then with distilled water before grinding in an agate mortar. Some whole-rock (WR) and garnet fractions were treated with acid leaching before the analyses. Acid leaching was also performed on aliquots of phengite fractions. The trace elements analyses of leachates are provided in auxiliary material.
1 The leaching consisted of a 30 min bath in 2.5N HCl at 120°C followed by a second step in 6N HCl for WR. Solid residues were then rinsed three times with distilled H 2 O to remove chlorines. Garnet fractions were oxidized in concentrated HNO 3 at 180°C overnight to facilitate the digestion. The sample dissolution was done with a 2:1 mixture of HF (48%) and HNO 3 (13N) at 160°C for a period of 1 to 2 weeks. During the subsequent evaporation, 0.1 cc of HClO 4 was added (except for the phengite) just before total dryness in order to avoid the formation of insoluble fluorine complexes. The dry residue was then treated with 6N HCl for 1 h at 120°C in order to complex the REE before chemically separating the elements. After total dissolution, an aliquot of each fraction has been used to measure element concentration by ICP-MS [Schneider et al., 2007] . This allowed us to precisely spike the samples at this stage. The total blanks were below 173 pg for Sr, 5 pg for Rb, 8 pg for Nd, and 0.6 pg for Sm.
[ Nd ratios were measured on a MC-ICP-MS VG P54 at the ENS Lyon following the procedure described by Luais et al. [1997] . The 143 Nd/ 144 Nd ratios of the Lyon ''in-house'' standards yielded an average of 0.512134 ± 0.000024 (n = 102; 2s Montpellier II University with a precision for all of the ratios between ± 0.5 and 1% (1s RSD). The blank contribution to the Rb and Sr signal for phengite was below 0.001% and 0.002%, respectively, and the blank contribution for Nd was below 0.01% for garnets. Isochrons were calculated using the ISOPLOT program [Ludwig, 2001] . All of the Rb, Sr, Sm, and Nd concentrations obtained by isotopic dilution (Tables 2, 3 , and 4) agree with the values obtained by the ICP-MS for the same fractions [Schneider et al., 2007] .
Ar/Ar Dating Procedure
[13] Ar/Ar step heating experiments were conducted on phengite grains between 250 and 400 mm in size (i.e., the same fractions as those used for the Rb/Sr and trace elements analyses). The total fusion analysis was conducted on smaller grains (150 mm), and the in situ laser ablation analyses were carried out on one large grain (over 500 mm) for sample NOK10a, and on polished thick sections (phengite and amphibole) for sample NOK10d. Details on the whole procedure have been already described by Schneider et al. [2004] . The quoted errors are listed at 1s and were calculated after McDougall and Harrison [1988] . The errors on the ages are approximately 4 to 4.5 Ma, which corresponds to less than a 1% error on the calculated age, with the exception of one grain in sample NOK10d, where the error is over 10 Ma (2%) ( Tables 5 and 6 ). The flux monitor used during this study is MMHb-1 with an age of 520.4 ± 1.7 Ma [Samson and Alexander, 1987] . The J uncertainty ranges from 0.5 to 1% and is propagated in the calculation of plateau age and total gas age errors.
X-Ray Diffraction Procedure
[14] Four powdered phengite fractions from sample NOK10a were analyzed by X-ray diffraction in order to test the occurrence of undetected phases in the interlamellar space of the phengite grains. The X-ray diffraction measurements on dried phengite powders were carried out in 1 mm diameter glass capillaries, in the Laboratoire des Colloïdes, Verres et Nanomatériaux, at Montpellier II University. Work was done in a transmission configuration. A copper rotating anode X-ray source (functioning at 4kW) with a multilayer focusing ''Osmic'' monochromator giving high flux (10 8 photons/sec) and punctual collimation was used as well as an ''Image plate'' 2-D detector was used. X-ray diagrams were obtained, which showed the scattered intensity as a function of the wave vector q. The analytical results are available in auxiliary material.
Results

Rb/Sr Isotope Systematics
[15] Thirteen phengite fractions were analyzed in sample NOK10a and eight in sample NOK10d, plus duplicates (labeled ''re,'' Tables 2 and 3) . Together with phengite, four garnet fractions, one epidote fraction, one kyanite fraction, and a mixed fraction of kyanite and epidote were analyzed for sample NOK10a. In sample NOK10d, three garnet fractions and one symplectite fraction (omphacite destabilized in amphiboles and plagioclases) were analyzed. Moreover, unleached whole-rock (WR), gently leached WR (HCl 2.5N), and strongly leached WR (HCl 2.5N and 6N) were investigated in both samples.
[16] The in situ trace element analyses [Schneider et al., 2007] are consistent with the concentrations measured during the multigrain fraction analyses, indicating that they reflect pure minerals. There is one exception: for the garnet fractions, the Rb and Sr content are dominated by the contribution of the alteration phases, mostly sodi-calcic amphibole, located in the fractures and developed during the late Caledonian amphibolite-facies metamorphism. The Sr-rich, Rb-poor minerals (i.e., Ep, Ky, Sy), and WR have 87 Rb/ 86 Sr ratios lower than 0.003 in sample NOK10a and lower than 0.011 in sample NOK10d (Tables 2 and 3 Sr ratios calculated for the phengite remain very low compared to the values of $70 reported for this mineral in the literature [e.g., Paquette et al., 1989] . This difference is related to the nature of the protolith. Indeed, the amount of Rb and Sr that can potentially incorporate the crystalline lattice of phengite is constrained by the amount of these elements available in the protolith. The protolith of the studied samples are (plagioclase-rich) anorthosite and gabbro-anorthosite, characterized by high Sr ($1000 ppm) and low Rb (<4 ppm). So despite a high partition coefficient, the Rb content of phengite is low (15 < Rb ppm < 38) compared to Sr (700 < Sr ppm < 1250 Sr component during the leaching step. This latter could correspond either to secondary alteration phases or to elements preferentially located in the interfoliar sites of the phengite. Figures 3 and 4 ). Garnet fractions (not shown) spread more or less parallel to the vertical axis, probably reflecting the presence of alteration phases. Therefore, garnets were not considered in the discussion. Data from sample NOK10a ( Figure 3 ) define an errorchron with an age of 471 ± 19 Ma and an 87 Sr/ 86 Sr initial value of 0.70297 ± 1. The scatter around the best fit line is high, as shown by the MSWD value (20). Using only eclogite-facies minerals (i.e., Grt and WR are excluded), the regression calculation yields a slightly younger age of 457 ± 22 Ma (MSWD = 8.7), with a similar initial ratio of 0.70298 ± 2. The scatter of the analytical points suggests an isotopic disequilibrium between the various eclogite-facies minerals. A limited variation in the 87 Rb/ 86 Sr ratios for the entire data set is also responsible for the high MSWD value. Considering only the phengite fractions, a significantly older and less precise age of 525 ± 90 Ma is obtained, in spite of a lower MSWD value of 3.7. This suggests a strong isotopic disequilibrium between the different phengite populations. A careful examination of the repartition of the phengite data points in the isochron diagram reveals that the phengite fractions can be separated into two groups which define two distinct correlations (Figure 3b) . A first group of six fractions yields an age of 457 ± 71 Ma (MSWD = 0.069) and an initial ratio of 0.70297 ± 6. A second group, also composed of six fractions, provides an age of 672 ± 180 Ma (MSWD = 0.024) with an intercept at 0.70282 ± 2. For both groups, the age error margins remain high despite probability coefficient values higher than 99%. This feature is attributed to the narrow range of the 87 Rb/ 86 Sr ratios measured for the various fractions (Table 2) . Two fractions (1Àb and 1+b) do not lie on these two distinct alignments and were excluded from the age calculation. For the sake of convenience later in the text, these two latter fractions will be called ''group 1,'' fractions plotted on the 457 ± 71 Ma isochron will be called ''group 2,'' and fractions defining the age of 672 ± 180 Ma will be called ''group 3.''
[18] For the NOK10d sample, the entire data set (excluding Grt) yields an apparent age of 547 ± 38 Ma (MSWD = 33) and an initial ratio of 0.70318 ± 2 (Figure 4) . The large scatter of the data supports a strong isotopic disequilibrium between the different phases. When only phengite fractions are used in the calculation, the age is 694 ± 49 Ma, (MSWD = 2.7; 87 Sr/ 86 Sr i = 0.70304 ± 12). The phengite data remain scattered along the regression line, suggesting a disequilibrium within the different phengite populations.
Ar/Ar Dating
[19] In sample NOK10a, three single phengite grains from fraction 4-a provide ages of 442.1 ± 4.1, 450.3 ± 4.1, and 439.4 ± 4.0 Ma, respectively, for a large percentage of the argon released (Figures 5a, 5b , and 5c and Table 5 ). In the present case, due to the presence of some heterogeneously distributed excess argon, these ages do not strictly fulfill the criteria for plateau age [Fleck et al., 1977] . However, the apparent ages used to calculate these partial ages do not show extreme variations. Two grains from fraction 4-b yield ages of 458.8 ± 4.2 and 439.9 ± 4.4 Ma (Figures 5d and 5e and Table 5 ) and one grain from fraction 4-c has an age of 450.6 ± 4.5 Ma (Figure 5f and Table 5 ). No significant age variation can be observed between grains of different sizes, but none of the calculated ages overlap within the error margins. The total fusion age obtained for the grain from fraction 2+a is the oldest, with a value of 460.2 ± 2.3 Ma (Figure 6g and Table 5 ). Eleven in situ analyses were done on grain N10CE1. The ages are spread between 401 ± 16 and 470 ± 6 Ma and therefore, overlap all those obtained by step heating or total fusion. Considering only those with an error margin lower than 1%, the ages obtained scatter over more than 30 Ma (between 424.5 ± 2.6 and 459.1 ± 2.7 Ma, Table 5), with the oldest age obtained in the core and the youngest at the edge of the crystal (Figure 5g ). [20] In sample NOK10d, the three grains analyzed by step heating provide ages of 510.7 ± 3.1, 503.7 ± 4.7, and 451.2 ± 10.3Ma, respectively (Figures 6a, 6b, and 6c and Table 6 ). The last age has a large analytical error due to the small size of the grain and to the low amount of argon released ( Figure 6c ). Total fusion of a phengite grain from fraction 2+a yields an age of 508.5 ± 4.6 Ma (Table 6 ). In situ laser ablation analyses of phengite and amphibole (S10D1-3) were performed in a thick section of sample NOK10d, in crystals located in different textural positions. These include the core or rim of the phengite/epidote layer, pressure shadows around garnets, phengite in symplectites areas, etc. The data set does not show a correlation between textural location and apparent age. All together, the phengite data (19 ages) spread between 458.0 ± 10.1 and 519.7 ± 6.6 Ma ( Figure 6d and Table 6 ). The ages obtained from three amphibole grains are more consistent and range between 514.6 ± 2.4 and 519.4 ± 2.3 Ma.
Sm/Nd Dating
[21] Four leached garnet fractions, two symplectite fractions (symplectite from the breakdown of diopside in coronites, and symplectite from the breakdown of omphacite from the main foliation), one kyanite, and the WR have been investigated for the NOK10a sample. In sample NOK10d, three leached garnet fractions, one symplectite fraction (breakdown of omphacite in the main foliation), and the WR were analyzed. Because omphacite has been widely destabilized in symplectite (primarily made of amphibole and plagioclase) during retrogression in the amphibolite facies, it was not possible to separate pure pyroxene to perform the Sm/Nd analyses and therefore, only the symplectite fractions were investigated.
[22] Garnet from the two samples is partly inherited from the granulite-facies assemblage (Table 1) . In sample NOK10a only a very thin outer rim of the garnet has been reequilibrated during eclogitization whereas, in sample NOK10d an overgrowth of the secondary eclogite-facies garnet is clearly observed [Schneider et al., 2007] . Garnet fractions are therefore composed of a mixture between Grt 1 (granulitefacies garnet) and Grt 2 (eclogite-facies garnet). Yet, Grt 1 largely dominates in both samples, as Sm and Nd contents measured on garnet fractions match those measured in situ in Grt 1 by LA-ICP-MS. This also confirms that submicroscopic inclusions do not influence the REE budget of the garnet fractions [Schneider et al., 2007] . (Table 4 ). As this scale of variation is very limited, an isochron age cannot be deduced using garnet fractions alone. The age calculated using all of the data is 934 ± 110 Ma (MSWD = 24; 143 Nd/ 144 Nd i = 0.51113 ± 34) 
Discussion
[24] All Rb/Sr and 40 Ar/ 39 Ar all apparent ages obtained in the two eclogite samples are intermediate between the reference age of the eclogitefacies event in the Lindås Nappe ($425 Ma) and the granulite-facies event ($930 Ma). These ages have no geological significance as no metamorphic event is know in the study area in this time interval. Calculated Sm/Nd ages are close to those commonly accepted for the granulite event. The different parameters that may have influenced the behavior of these three isotopic systems during the eclogite-facies metamorphic event are discussed below.
Rb/Sr System
Links Between Petrology and Geochronology
[25] Schneider et al. [2007] correlated the phengite fractions studied here with the different petrographic/textural groups of phengite shown in section 3 characterized by distinct geochemical (major and trace elements) analyses. The results of this previous study are used here to correlate isotope data (phengite groups 1, 2, 3 as defined in Figure 3b ) Table 3 for analytical data. Table 5 for analytical data.
with petrographic and geochemical data. Phengite from group 1, the two phengite fractions excluded from the age calculation of sample NOK10a, are the richest in HREE (Figure 8 ) and are interpreted as having been crystallized from garnet breakdown [Schneider et al., 2007] . The REE analyses of some of the phengite fractions from sample NOK10a show a well-marked positive Ce anomaly, which was interpreted as symptomatic of phengite grains that crystallized in quartz lenses after the precipitation of elements in excess carried by fluid [Schneider et al., 2007] . Boundy et al. [2002] demonstrated that the aqueous eclogitizing fluid was very oxidizing and therefore allowed the oxidation of Ce 3+ into Ce 4+ . The Ce n /Ce* ratio for the different phengite fractions from the 1-2-3 phengite groups are reported in Figure 9 . Phengite from group 2 and associated acid leachates have a significantly higher Ce n /Ce* ratio (0.81-2.9) than those in groups 1 (0.7-0.8) and 3 (0.2-0.9; auxiliary material). This feature, added to the fact that a young apparent age is obtained for the phengite fractions from group 2, suggests that these phengites predominantly come from the quartz lenses. The phengites from group 3 which yielded the apparent Rb/Sr ages of 672 ± 180 Ma are interpreted as phengites from textural sites in equilibrium with epidotes (reaction (1)). The apparent age of group 3 from the NOK10a sample is close to the apparent age obtained for all of the phengite fractions from sample NOK10d (694 ± 49 Ma). Phengite fractions from the NOK10d sample, which present a homogeneous trace element content, only contain one phengite population, interpreted as having crystallized with epidote after the plagioclase breakdown during the eclogite facies. All of these observations Figure 6 . (a -c) Age spectra of six phengite grains from sample NOK10d. The error on the apparent age on each step is given by the height of the rectangle. (d) Argon ages obtained for in situ thick-section analyses of phengite and amphibole (S10D1 -3). See Table 6 for analytical data. Table 4 for analytical data. [26] Several hypotheses can be proposed to explain why apparent Rb/Sr errorchron ages are older than the eclogite-facies event. The first possibility is that they result from a mixture between minerals from different generations (i.e., from granulite and eclogite-facies metamorphic stages) [e.g., Santos Zalduegui et al., 1995] . In the present study, this assumption is unlikely since the granulite paragenesis was free from white micas, and a detailed petrological investigation on the phengite populations demonstrated that they crystallized during the Caledonian metamorphic event [Schneider et al., 2007] . This is further supported by X-ray diffractions which revealed that the phengite is made of pure minerals without inclusions and that no other phase developed in the interfoliar spaces (auxiliary material).
[27] Another hypothesis is that the system reached equilibrium during the eclogitic event but was disturbed and then partially reequilibrated later during a retrograde event. However, minerals altered during a retrograde amphibolite-facies event must yield ages that are intermediate between those of the peak metamorphism and the retrogression [e.g., Li et al., 2000] . Clearly, this is not the case here. Moreover, in sample NOK10d, the symplectite fraction is not in equilibrium with the phengite fractions (Figure 4) . During the retrograde amphibolite-facies event, LILE (including Sr) have been relatively mobile at a sample scale [Schneider et al., 2007] . Therefore, if phengite behaved as an open system during the retrograde metamorphism, then chemical exchanges would have favored an isotopic equilibrium between phengite and symplectite.
[28] Another alternative is that the phengite 87 Sr/ 86 Sr isotopic ratio was modified during fluid circulation [e.g., Xie et al., 2004] . In order to be effective, this process requires that the external fluid has a very high Sr content and a 87 Sr/ 86 Sr ratio that is significantly distinct from that of the phengite. This process is unlikely due to (1) to the extremely high Sr content in the studied phengite (around 1000 ppm; Tables 2 and 3) combined with the low Sr content of the fluid [Rockow et al., 1997; Schneider et al., 2007] ; (2) the fact that the 87 Sr/ 86 Sr ratio of the fluid was equilibrated with the wallrock [Glodny et al., 2008] .
Modeling of the Rb/Sr System Behavior During the Recrystallization Processes
[29] One important result from the present Rb/Sr isotope data is the possible relationship between the crystallization mode (i.e., the mineralogical reaction from which the mineral crystallized) and the isotopic signature of the phengite population. On the basis of the chemical element distribution, Schneider et al. [2007] established that element migration during an eclogite-facies metamorphism was limited at a few hundred micron sized microdomains and that the neoformed minerals inherited their chemical features from precursor granulitefacies minerals. Based on these observations, a model for the Rb/Sr system evolution during eclogite-facies metamorphism is proposed (Figure 10) . The model will be discussed starting from few million years before the eclogite-facies metamorphism until now.
Stage 0 (t 0 ) Anteceding/Preceding Eclogitization: Eclogitization Minus dt
[30] The initial granulite consists of garnet + diopside + plagioclase (Figure 10a) . All of the mineralogical species are assumed to be in equilibrium at this stage. Thus, a few millions years before the eclogitic event, they are aligned on a 500 Ma isochron, which represents the time spent between granulitization and eclogitization [Bingen et al., 2001 [Bingen et al., , 2004 Kühn et al., 2002; Glodny et al., 2008] . According to the average Rb and Sr concentrations, either measured in our samples or reported in literature for the Lindås Nappe granulites-facies minerals [0.002 < (Rb ppm ) Grt < 0.048; 0.007 < (Sr ppm ) Grt < 0.25; 0.01 < (Rb ppm ) Di < 0.1; 75 < (Sr ppm ) Di < 85; (Sr ppm ) Pl ) 1000; Cohen et al., 1988; Burton et al., 1995; Schneider et al., 2007] , the different analytical points can be presented as seen in Figure 10a . Three analytical plagioclase points related to the microdomains having a slightly different chemical composition (mainly a function of the antiperthite proportion) are represented by a white circle. WR has been placed between these plagioclase points, since, as the latter are the Sr-richest minerals, they will have the main impact on the 87 Sr/ 86 Sr ratio.
Stage 1 (t 1 ): Eclogitization
[31] Granulite minerals break down into new stable eclogite-facies minerals according to reactions (1) (plagioclase breakdown) and (4) (garnet and diopside breakdown). Considering that these two mineralogical reactions operate independently [Schneider et al., 2007] , we therefore assume that there is not an isotope redistribution between the new minerals crystallized during each reaction. In reaction (1), epidote strongly concentrates Sr, compared to phengite ((Sr ppm ) Ep > 6000; (Sr ppm ) Ph < 1400), and almost all of the Rb will be incorporated into the phengite ((Rb ppm ) Ep < 0.1; (Rb ppm ) Ph > 15; Tables 2 and 3) . Therefore, the Rb/Sr ratio of the epidote will be close to zero, and the Rb/Sr ratio of phengite will be significantly higher than in the precursor plagioclases (Figure 10a) . The limited mobility of the chemical elements during eclogitization suggests that the phengite and epidote, which crystallized in the same individual microdomain, inherit their 87 Sr/ 86 Sr ratio from the plagioclase (Figure 10a) . The external fluid involved in the crystallization of phengite and epidote is believed to have a negligible influence on the 87 Sr/ 86 Sr ratio of the neoformed minerals due to the very high Sr content of the granulite-facies plagioclase ()1000 ppm). In reaction (4), it is likely that garnet 2 inherited its Sr isotopic composition from garnet 1 and omphacite from granulite-facies diopside. This process was previously described by Mørk and Mearns [1986] for the Sm/Nd system and by Zheng et al. [2002] for oxygen isotopes. Therefore, similar 87 Sr/ 86 Sr ratios have been assigned to precursor (Grt 1, Di) and neoformed (Grt 2, Omp) minerals at t o and t 1 . Rutile is not represented since it is a minor reservoir of Sr and Rb. As a consequence of these various features, the different mineral phases formed during the eclogite-facies metamorphism will be in a strong isotopic disequilibrium at the time of their crystallization (t 1 ) (Figure 10a ).
Stage 2 (t 2 ): Eclogitization Plus dt
[32] After crystallization (t 1 ), the system remains open for isotopic exchanges during a limited period of time (dt). The system is closed at t 2 . Between t 1 and t 2 , the isotopic disequilibrium between the different mineral species can be corrected by isotopic exchanges involving diffusion processes. For a complete equilibrium of the system, the different phases should reach the whole rock 87 Sr/
86
Sr ratio (Figure 10b ). For several reasons that will be discussed later in the text, the process of isotopic re-equilibration by volume diffusion was limited between t 1 and t 2 . This behavior has been schematically represented in Figure 10b with mineral points at t 2 located midway between their position at t 1 and the isotopic equilibrium line (i.e., 0 Ma line). Sr ratios of the granulite-facies and eclogite-facies mineral species just before, during, and just after the eclogite-facies metamorphic event. Shown are (a) t 0 = eclogitization À dt = just prior eclogitization reactions; t 1 = eclogitization = breakdown of the granulite-facies minerals and crystallization of the eclogite-facies minerals; (b) t 2 = eclogitization + dt = time interval between mineral crystallization and closure of the system; (c) t 3 = present time = $425 Ma after t 2 . See text for details. Figure 10c ), the following specific features are obtained: (1) the phengite fractions are aligned along an isochron that gives an apparent age intermediate between the granulitization and eclogitization ages, (2) the age calculated for the phengite fractions alone is older than the age obtained with all of the mineral phases, (3) the 87 Sr/ 86 Sr initial ratio calculated for the phengite population alone is lower than the initial ratio obtained when all of the mineral phases were analyzed.
Diffusion Efficiency During Retrogression
[34] The late amphibolite-facies metamorphism took place $15 Ma after the crystallization of the eclogite-facies minerals [Bingen et al., 2001; Glodny et al., 2008] at metamorphic conditions estimated between 650 and 690°C for a minimum pressure of 10-12 kbar [e.g., Boundy et al., 1996] . The peak temperature for the eclogite facies was estimated at around 700-750°C [Jamtveit et al., 1990; Raimbourg et al., 2007] , which implies that the system has been maintained at over 650°C during at least 15 Ma. In such conditions, the various mineralogical phases, which were initially in a strong isotopic disequilibrium at the time of their crystallization, could potentially reach an equilibrium via diffusion processes during this time interval. A diffusion process implies element fluxes between a given mineral species (in this case, phengite) and a phase acting as an exchange partner [Dodson, 1973; Jenkin, 1997] . Fluid, which evolved in a closed system, can incorporate elements in excess (including Sr) released during the eclogite-and amphibolite-facies metamorphic reactions and thus, can potentially act as a good exchange partner during isotopic equilibrium processes. Epidote could also be a valuable exchange partner, given its high Sr content. But as epidote and phengite from the same microdomain probably have a similar 87 Sr/ 86 Sr initial ratio (inherited from precursor granulite-facies plagioclase), they need to exchange Sr either with phengite and epidote from another microdomain or with a fluid phase.
[35] It has been demonstrated that the intracrystalline diffusion in hydrous conditions is higher, by several orders of magnitude, than in an anhydrous environment [Giletti and Yund, 1984; Farquhar et al., 1996] . Moreover, Jenkin et al. [1995] used numerical modeling to show that inter-granular diffusion can be very effective in reaching an isotopic equilibrium. In this case, the exchanges primarily operate at the grain boundary, on the few nanometer-thick rims. Accordingly, depending on the total amount of Sr available in the epidote rim, this diffusion process can be more or less efficient in promoting a phengite isotopic equilibrium. Volume diffusion subsequently allows the homogenization of the concentration gradients between the phengite core and rim. Yet, this finite reservoir model [Jenkin et al., 1995; Jenkin, 1997] anticipates a strong control of the modal composition in the isotopic equilibrium process. In the present study, this process is expected to be more efficient in phengite-poor samples (e.g., sample NOK10a) than in phengite-rich samples (e.g., sample NOK10d). However, the apparent age obtained for phengite from group 3 in sample NOK10a is very similar to the age obtained for the phengite population in sample NOK10d (Figures 3b and 4) . If the isotopic equilibrium by intergranular and intragranular diffusion had been efficient, a younger age should have been obtained for the phengite population related to plagioclase breakdown in sample NOK10a than in sample NOK10d. One possible explanation for the limitation of an isotopic equilibrium via diffusion processes is the extremely high Sr content in the phengite (around 1000 ppm on average). Indeed, as mentioned by Jenkin et al. [1995] , a higher Sr content requires a longer amount of time to restore the isotopic equilibrium via volume diffusion, which is highly dependent on temperature. In the present study, the phengite is theoretically within a favorable temperature range for Sr exchanges by volume diffusion, i.e., 500-600°C [e.g., Inger et al., 1996; Villa, 1998 ]. The volume diffusion of Sr in epidote is estimated to be effective above 700°C [Nagasaki and Enami, 1998 ], which is within the range of temperatures recorded in samples NOK10a and NOK10b for both the eclogite-and amphibolitefacies metamorphisms. Despite these favorable high thermal conditions, the phengites from different microdomains did not reach an isotopic equilibrium. This suggests that the exchanges are limited to a scale of a few hundred microns, as previously shown by the behavior of trace elements [Schneider et al., 2007] .
Fluid-Controlled Isotopic Equilibrium in Phengite
[36] In sample NOK10a, the phengite fractions from group 2 do not display the effects of isotopic disequilibrium related to a limited element mobility 22 of 28
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Geosystems G 3 G during eclogitization. These phengite fractions are belived to contain the greatest amount of phengite grains from the quartz lenses. The crystallization process of these phengites strongly contrasts with those described for phengites from the NOK10d sample and the phengites from groups 1 and 3 from sample NO10a. The phengites from group 2 did not crystallize after the mineralogical reactions operated between the reacting minerals from a specific microdomain. Their formation involves a crystallization from elements carried and homogenized by fluid. These elements were products in excess released during eclogitization reactions which operated in different microdomains. The fluid phase drained therefore, Sr with various isotopic compositions (at a hand-sample scale). As a consequence, all of the phengite grains crystallized from the fluid will have a similar 87 Sr/ 86 Sr ratio and will be in isotopic equilibrium (at a hand-sample scale). This process successfully explains why the isotopic disequilibrium observed in phengite from quartz lenses is lower (the apparent age is closer to $425 Ma) than in those reported for other phengite groups crystallized in situ. The apparent age of $457 Ma obtained for these phengite fractions (Figure 3b ) is still slightly older than, though within error of, the age of $425 Ma expected in the case of total equilibrium. This discrepancy should be explained by the fact that these phengite fractions probably contain a minor quantity of phengite grains from other areas, which tends to increase the slope of the isochron and thus, to produce an older age.
6.1.6. Conclusions for the Rb/Sr Radiochronometer Behavior
[37] The textural and chemical characterization of several of the phengite fractions separated from a single sample allows us to interpret the Rb/Sr results as a function of the crystallization mode of the eclogite-facies phengite and to propose a model for the behavior of the Rb/Sr chronometer during a HP metamorphism (Figure 10 ). This model proposes that the eclogite-facies minerals inherit their 87 Sr/ 86 Sr isotopic ratio from their granulite-facies mineral precursors. The calculated apparent Rb/Sr ages have no geological significance and more likely result from a strong isotopic disequilibrium registered at the time when the new eclogite-facies minerals crystallized, despite active deformation and fluid circulation. This disequilibrium was not completely erased by the diffusion processes (either intracrystalline or intergranular) due to the very high Sr content in the studied phengite. The very quick nucleation of the eclogite-facies minerals, resulting from the impregnation of the dry metastable granulite by hydrous fluid in the eclogite-facies conditions [Austrheim, 1990; Bjørnerud et al., 2002; Raimbourg et al., 2007] , appears to be one of the main satisfactory explanations for this phenomenon. In addition, as suggested by Zack et al. [2002] , the granoblastic texture of the former granulite is another factor that partly controls the segregation of the equilibrium microdomains. It suggests that the chemical and isotopic composition of the eclogite-facies minerals is locally controlled by the composition of the microdomains in which they crystallize. In the present study, neither fluid circulation nor deformation can efficiently homogenize the composition of a mineral species at a hand-sample scale. Only the mineral phases crystallized from elements that have been delocalized by the fluid and precipitated in protected areas of the sample, such as phengite from the quartz lenses, are close to the isotopic equilibrium (as shown by their apparent Rb/Sr age close to the $425 Ma). Their crystallization mode favors an isotopic equilibrium due to the redistribution process of elements active in a closed system. This model is consistent with the fact that the only Rb/Sr ages considered as accurate for the HP event in the Bergen Arcs were obtained on pegmatites derived from the partial melting of the granulites , and on quartz veins crystallized from the leaching and precipitation of elements in excess [Glodny et al., 2008] . In both cases, the crystallization mode implies the global rehomogenization of the isotopic ratio of the system and, therefore, allows an isotopic equilibrium to be reached between the different mineral species. Concerning the Rb/Sr system behavior, deformation and fluid circulation, as well as the recrystallization process, do not always guarantee the isotopic equilibrium of the system (at a handsample scale) unless they are associated with a complete redistribution of the elements within the system.
[38] This model is relatively similar to those previously proposed in order to explain a Sm/Nd or oxygen isotopic disequilibria [e.g., Mørk and Mearns, 1986; Zheng et al., 2002] . Nonetheless, this is the first study that relates such behavior for the Rb/Sr system, and in particular for a geological environment, where deformation and fluid circula- tion were active during the recrystallization processes. Available data for Sr behavior in trioctaedric mica indicate that volume diffusion can be activated at temperatures significantly lower (300 to 400°C) than those commonly retained for Nd in garnet and pyroxene [e.g., Van Orman et al., 2002; Tirone et al., 2005] . Accordingly, the initial isotopic disequilibrium recorded by phengite at the time of its crystallization should be erased by post crystallization diffusion processes. As previously mentioned, such disequilibrium has been preserved within phengite populations which have recrystallized in situ, although they have been maintained at a metamorphic temperature favorable to volume diffusion for almost 15 Ma. This is tentatively related to the high Sr content which is relatively unusual for phengite [e.g., Thöni and Jagoutz, 1992; Amato et al., 1999; Glodny et al., 2003; Di Vincenzo et al., 2006] . 6.2. Ar/Ar System: Excess Argon and Compositional Effects [39] The closure temperature for argon diffusion in dioctaedric mica is estimated at around 400-450°C on the basis of experimental measurements and field observations [e.g., Robbins, 1972; Hames and Bowring, 1994] . This temperature may be slightly higher for phengite because the substitution of Fe and Mg by Al involves the diminution of the ionic porosity [e.g., Dahl, 1996] . Therefore, given the metamorphic evolution of the Lindås Nappe eclogites, the Ar/Ar ages should have been younger than c. 410 Ma, which is the age that has been estimated for the amphibolite-facies metamorphism. However, all of the ages obtained for both samples are intermediate between the ages of the granulite-facies and eclogite-facies metamorphisms (Tables 5 and 6 and Figures 5 and 6) , same results were obtained by Boundy et al. [1997a] . Furthermore, the amphibole in sample NOK10d, which crystallized later during the amphibolite-facies event, yields apparent ages older than $410 Ma. This is interpreted as reflecting a variable excess of radiogenic argon in the crystalline lattice of the analyzed minerals. An excess of argon is often discussed in terms of the solubility of argon in the different phases of the system [e.g., Kelley, 2002] . The quantity of excess argon can be roughly estimated by calculating the difference between the apparent age calculated and the true age ($425 Ma for phengite). For a given mineral species, the greater the difference, the more important the excess argon becomes. Excess argon is slightly more important in the Phengite-rich sample (NOK10d) than in the Phengite-poor sample (NOK10a), with older apparent ages in the NOK10d sample ($400-470 Ma in NOK10a and $450-520 in NOK10d), whereas the K content in phengite is similar for both samples (0.6 -0.8 a.p.u.f) [Schneider et al., 2007] .
[ 40] During the eclogite-facies metamorphism, the radiogenic argon was preferentially located in the crystalline network of the K-rich granulite-facies minerals (antiperthites in plagioclases), and is released in the rock during their breakdown. Thus, radiogenic argon was certainly transferred into the fluid phase as the argon solubility is significantly higher in the hydrous fluids than in the silicates [e.g., Watson and Cherniak, 2003 ]. The fluid phase may have acted as a vector to evacuate the excess argon from the system. But, as mentioned above, the fluid circulated in a closed system after its introduction into the rock. Consequently, the excess argon which concentrated in the fluid phase will not be removed from the system but only delocalized. Previous studies [e.g., Kühn, 2002] have demonstrated that the fluid dried up in the course of the crystallization reactions and that its salinity increased. Studies devoted to the solubility of argon in fluids [e.g., Crovetto et al., 1982; Smith and Kennedy, 1983] have demonstrated that argon solubility simultaneously decreases with a decrease in temperature and an increase in the salt content of the fluid. Therefore, in the present study, the fluid will rapidly be saturated in argon. The excess argon could then be incorporated into the different mineralogical species as a function of their argon solubility. For the assemblages described here, the phase with the higher solubility for argon is phengite, followed by quartz and amphibole [Sherlock and Kelley, 2002] .
[41] Our results show that the quantity of radiogenic argon in excess is higher in the Phengite-rich sample (K 2 O = 1.94%) than in the Phengite-poor sample (K 2 O = 0.61%) [Schneider et al., 2007] . This suggests that a correlation exists between the quantity of excess argon and the K content of the samples, which is in agreement with previous studies [e.g., Kelley, 2002, and references therein] . The variable concentration of excess argon recorded for the various phengite populations analyzed is related to the local variation, at a sample scale, of the quantity of excess argon available in the fluid at the time of their crystallization as well as to the heterogeneous chemical composition of the granulite-facies precursors. The presence of excess argon in the rocks can be supported by several factors: (1) the thermal conditions associated with the eclogite-facies metamorphism (HP-LT), often unfavorable to argon diffusion; (2) the very fast exhumation of the eclogites; (3) the lack of penetrative deformation; (4) the absence of an intense fluid circulation; (5) the low porosity of the system at HP conditions, which limits the efficiency of argon diffusion [e.g., Monié, 1985] .
[42] In the eclogites studied here, the results show that excess argon was not evacuated from either the phengite or the amphibole, despite the fact that a temperature of up to 650°C was maintained for at least 15 Ma after the phengite crystallization [e.g., Glodny et al., 2008] . This again suggests that the limiting factor for the evacuation of radiogenic argon (produced between 930 and 425 Ma) is the circulation mode of the fluid during the Caledonian metamorphism. Indeed, it has been demonstrated that after its introduction into the system, the fluid evolved in a closed system and its composition changed as the eclogite-and amphibolite-facies reactions progressed [e.g., Kühn, 2002] . Such behavior leads to a decrease in the solubility of argon in the fluid with a higher concentration of excess argon in phengite than in amphibole.
Sm/Nd System: Precursor Age Preservation
[43] The garnet fractions analyzed for both samples mostly contain inherited garnets from the granulitefacies paragenesis, with only thin rims equilibrated in the eclogite facies. The peak temperature achieved during the eclogite-facies metamorphism is close to the closure temperature for the Nd diffusion in garnet ($750°C) [Ganguly et al., 1998; Van Orman et al., 2002] . Thus, this feature greatly limits the possibility of isotope equilibration by volume diffusion, which should be expected for the Sm/Nd system in garnet during the HP event. Yet, fluid circulation and deformation are often invoked as catalysts for isotope exchanges, even at a low temperature. The Sm/ Nd ages obtained for both samples are very close to $930 Ma, the age of the granulite-facies metamorphism (Figure 7) . These results suggest that garnet inherited from the granulite paragenesis preserved its isotopic characteristics during the eclogitefacies metamorphism. Therefore, it can be stated that even in the presence of an aqueous fluid phase and active ductile deformation, in the lack of total recrystallization, minerals such as garnet will not reach a new isotopic equilibrium, despite a new high grade metamorphic event.
General Conclusion and Implications
[44] This study allows several conclusions to be drawn concerning the parameters controlling the isotopic equilibrium of the Rb/Sr, Ar/Ar and Sm/ Nd radiochronometers during a HP metamorphic event associated with fluid circulation and penetrative ductile deformation:
[45] 1. Inherited minerals with high diffusion temperature for an isotopic system, such as Nd in garnet, preserved their isotopic record acquired at the time of their crystallization.
[46] 2. Fluid circulation and ductile deformation have no or very limited effects on the reset of an isotopic system if none of the recrystallization processes is effective.
[47] 3. Neocrystallization will induce isotope equilibrium but the scale of equilibrium will be greatly dependent on the crystallization mode.
[48] 4. When neoformed minerals (e.g., phengite) crystallized ''on site'' following pressure/dissolution processes involving breakdown of a single mineral phase (e.g., plagioclase), or pseudomorphic-like replacement of a mineral (e.g., garnet), they will most likely inherit the isotopic characteristics of their precursor minerals. This will result in a global disequilibrium at a hand-sample scale and will produce meaningless geochronological results.
[49] 5. Neoformed minerals, which precipitated directly from a fluid phase, are prone to be at isotopic equilibrium at a hand-sample scale because they crystallized from a parental fluid with a homogeneous isotopic composition.
[50] 6. A crystallization process that implies the leaching, transport, and then precipitation of elements appears to be the most effective process in order to guarantee isotopic equilibrium during a HP metamorphic event.
[51] 7. For the Ar/Ar system, if a fluid circulates in a closed system at the time of the recrystallization processes, part of the radiogenic argon previously accumulated in the system will not be removed and this will lead to ages without geological meaning due to the trapping of excess of argon by neoformed minerals.
[52] Several authors have warned geochronologists about the occurrence of excess argon despite the apparent good quality and coherence of the results [e.g., Li et al., 1994; Boundy et al., 1997a; Sherlock and Arnaud, 1999] . In the literature, the Ar/Ar and Rb/Sr methods have often been coupled in order to confirm the coherence of the results and especially to detect the presence of excess argon in micas. In the present study, the results obtained for phengite show that both Rb/Sr and Ar/Ar chronometers are in isotopic disequilibrium, despite the fact that the temperature reached during the metamorphic evolution was much higher than the closure temperatures for both systems.
